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NATIONAL WATER-QUALITY ASSESSMENT PROGRAM

THIS REPORT summarizes major findings about water quality in south-central Texas that emerged from an
assessment conducted between 1996 and 1998 by the U.S. Geological Survey (USGS) National Water-Quality
Assessment (NAWQA) Program. Water quality is discussed in terms of local and regional issues and compared to
conditions found in all 36 NAWQA study areas, called Study Units, assessed to date. Findings also are explained in
the context of selected national benchmarks, such as those for drinking-water quality and the protection of aquatic
organisms. The NAWQA Program was not intended to assess the quality of the Nation’s drinking water, such as by
monitoring water from household taps. Rather, the assessments focus on the quality of the resource itself, thereby
complementing many ongoing Federal, State, and local drinking-water monitoring programs. The comparisons
made in this report to drinking-water standards and guidelines are only in the context of the available untreated
resource. Finally, this report includes information about the status of aquatic communities and the condition of
instream habitats as elements of a complete water-quality assessment.

Many topics covered in this report reflect the concerns of officials of State and Federal agencies, water-resource
managers, and members of stakeholder groups who provided advice and input during the assessment. Residents
who wish to know more about water quality in the areas where they live will find this report informative as well.

NAWQA Study Units—
Assessment schedule

[ ]1991-95

[ ]1994-98
[11997-2001

[ INotyetscheduled

s ) A\ [F-] High Plains Regional
S Ground-Water Study,
< ) 1999-2004
- “ South-Central Texas

THE NAWQA PROGRAM seeks to improve scientific and public understanding of water quality in the Nation’s
major river basins and ground-water systems. Better understanding facilitates effective resource management,
accurate identification of water-quality priorities, and successful development of strategies that protect and restore
water quality. Guided by a nationally consistent study design and shaped by ongoing communication with local,
State, and Federal agencies, NAWQA assessments support the investigation of local issues and trends while
providing a firm foundation for understanding water quality at regional and national scales. The ability to integrate
local and national scales of data collection and analysis is a unique feature of the USGS NAWQA Program.

South-Central Texas is one of 51 water-quality assessments initiated since 1991, when the U.S. Congress
appropriated funds for the USGS to begin the NAWQA Program. As indicated on the map, 36 assessments have
been completed, and 15 more assessments will conclude in 2001. Collectively, these assessments cover about one-
half of the land area of the United States and include water resources that are available to more than 60 percent of
the U.S. population.

IV~ National Water-Quality Assessment Program



SUMMARY OF MAJOR FINDINGS

Stream and River Highlights

Numerous organic chemicals and trace
elements were detected in streams and rivers
in the upper part of the South-Central Texas
Study Unit—in part because of high detec-
tion sensitivities (fractions of a part per bil-
lion) of laboratory analytical methods. Most
concentrations of organic chemicals and
trace elements were extremely low and many
times less than levels of concern for human
health or aquatic life. No concentrations of
sampled chemical constituents except those 0

30>

SP MILES

of dissolved nitrite plus nitrate nitrogen 0 25

(hereinafter, nitrate) downstream from
wastewater treatment plants exceeded drink-
ing-water standards or guidelines. Although
surface water historically has not been a
source of drinking water, streams and rivers
are the major source of replenishment
(recharge) to the Edwards aquifer, the princi-
pal water supply for much of the region. Sur-
face water provides habitat for a wide variety
of aquatic organisms and recreational oppor- =
tunities for many people. Y

» Nitrate concentrations downstream from
wastewater treatment plants consistently
were about 5 times greater than those
downstream from agricultural land and
about 20 times greater than those down-
stream from rangeland. All total phospho-
rus concentrations downstream from
wastewater treatment plants exceeded a
goal for controlling nuisance algae and
aquatic plant growth.

* More pesticides and volatile organic compounds (VOC)
at generally higher concentrations were detected in urban
stream water than in agricultural stream water. Concentra-
tions of each of six pesticides and one VOC exceeded
aquatic-life guidelines in several (mostly urban) stream
samples. The herbicide atrazine was detected in all urban
and agricultural stream samples.

* Generally higher concentrations of organochlorine
compounds and trace elements were detected in urban
stream-sediment and fish-tissue samples than in agricul-
tural and rangeland samples. Concentrations of several
samples exceeded sediment guidelines for the protection
of aquatic life or fish-tissue guidelines for the protection
of fish-eating wildlife; most were from urban streams.

* Biological community status is related to watershed
development. The most degraded algal, invertebrate, and
fish communities were in urban streams, and the healthi-
est were in rangeland streams.

EXPLANATION

—— Boundary delineating the area of
1. Edwards aquifer recharge zone
2. Edwards aquifer confined zone
3. Trinity aquifer

T
50 KILOMETERS )
Edwards aquifer
(recharge zone)

Trinity aquifer

Confining
unit

T T1 Balcones escarpment—Approximately
coincident with southern boundary of
Edwards aquifer recharge zone A

Edwards aquifer
(confined zone)

y

AN
ANTONIO A’

Streams lose flow to the

BEXAR i
R, Edwards aquifer

The South-Central Texas Study Unit encompasses the Nueces, San Antonio,
and Guadalupe River Basins. The 1996—-98 assessment involved only the upper
part of the Study Unit. Streams and rivers that originate in the rugged hills of the
Edwards Plateau generally gain water as they flow southeastward toward the
Edwards aquifer outcrop (recharge zone). As they flow across the highly
permeable, faulted, and fractured rocks of the recharge zone, most lose
substantial amounts of flow directly into the aquifer.

Major Influences on Streams and Rivers

» Wastewater-treatment plant effluent
¢ Runoff from urban areas
¢ Pesticide use in urban watersheds

» High flow caused by storms

Ground-Water Highlights

Ground water, primarily from the Edwards aquifer and
also from the Trinity aquifer, is the principal source of
water supply in the upper part of the Study Unit. In
general, the quality of water in the Edwards and Trinity
aquifers reflects little evidence of human activities—despite
major urban development and agricultural land in places
overlying the Edwards aquifer and increasing urban devel-
opment in places overlying the Trinity aquifer. Numerous
organic chemicals were detected in the Edwards aquifer,
fewer in the Trinity aquifer, but most concentrations were
extremely low. Concentrations of nutrients, organic chemi-
cals, and trace elements generally were very low relative to

Summary of Major Findings 1



Selected indicators of surface-water quality
Streams and rivers

Urban/
Urban effluent Agricultural Rangeland
dominated

Nitrate? ,

Total . 4 I
phosphorus?

Pesticides3 ' , / —
Volatile _
organics?

Organo-

chlorines’ *

Trace ’ | g
elements$ *

[ | Percentage of samples with concentrations equal to
or greater than a health-related national guideline for
drinking water or aquatic life; or above a national goal
for preventing excess algal growth

Percentage of samples with concentrations less than
a health-related national guideline for drinking water or
aquatic life; or below a national goal for preventing
excess algal growth

Percentage of samples with no detection
— Not assessed

*  Urban/effluent-dominated organochlorine and trace
element samples combined with urban samples

drinking-water standards and guidelines. Some radon con-
centrations exceeded a proposed drinking-water standard,
but radon concentrations were among the lowest of
NAWOQA Study Units nationwide.

* The median nitrate concentration among primarily
public-supply wells sampled in the confined zone of the
Edwards aquifer was about six times less than the maxi-
mum contaminant level for nitrate in drinking water;
nevertheless, the median was in the top 10 percent of
median nitrate concentrations of major aquifers sampled
by NAWQA nationwide. Median nitrate concentration in
the Trinity aquifer was more than 10 times less than that
in the Edwards aquifer.

T Nitrate (as nitrogen), sampled in water.

2 Total phosphorus, sampled in water.

3 Insecticides, herbicides, and pesticide breakdown products,
sampled in water.

4 Solvents, refrigerants, fumigants, and gasoline compounds,
sampled in water.

5 Organochlorine compounds including DDT and PCBs, sampled in
sediment.

6 Arsenic, mercury, and metals, sampled in sediment.

2 Water Quality in South-Central Texas

» The greatest frequencies of detection of pesticides and
VOCs in the Edwards aquifer were in urban (northern San
Antonio) recharge-zone samples. The outcropping frac-
tured and faulted limestone of the recharge zone allows
unrestricted downward movement of water, which can
contain contaminants, into the ground-water-flow system.

* Four of the 5 most frequently detected pesticides in water
from urban recharge-zone wells in the Edwards aquifer
were the same as 4 of the 5 most frequently detected pes-
ticides in surface water at urban sites in the San Antonio
area. This finding illustrates the correlation between the
quality of recently recharged ground water in an urban
setting and the quality of urban stream and river water.

* The quality of water in the Trinity aquifer remains influ-
enced primarily by the natural processes of water-rock
interaction. Concentrations of dissolved solids, sulfate,
iron, and strontium exceeded drinking-water standards or
guidelines in some samples. Fewer pesticides and VOCs
were detected in Trinity aquifer samples than in Edwards
aquifer samples, possibly because of low permeability of
the Trinity aquifer and little urban development.

Major Influences on Ground Water

* Urban development in the Edwards aquifer recharge zone

* The quality of stream and river water that recharges the
Edwards aquifer

» The natural processes of water-rock interaction in the
Trinity aquifer

Selected indicators of ground-water quality
Edwards aquifer

Trinity aquifer

Recharge Confined Upper and
zone zone middle zones
e primarily primarily
Urban Nonurban public- domestic
primarily primarily supply wells
monitor domestic wells
wells wells

Nitrate!

Pesticides?®

Volatile
organics?

Radon

> h 4 .

I Percentage of samples with concentrations equal to
or greater than a health-related national guideline for
drinking water or aquatic life

Percentage of samples with concentrations less than
a health-related national guideline for drinking water or
aquatic life

Percentage of samples with no detection



INTRODUCTION TO THE UPPER PART OF THE SOUTH-CENTRAL

TEXAS STUDY UNIT

The upper part of the South-
Central Texas Study Unit (herein-
after, Study Unit) encompasses
parts of the topographically rugged
and picturesque Edwards Plateau
and the comparatively flat, gently
coastward-sloping Gulf Coastal
Plain physiographic regions. An
abrupt topographic break, the Bal-
cones escarpment, separates the
two landforms (fig. 1).

San Antonio is the principal
urban area in the Study Unit. The
agricultural areas of primary
interest are west of San Antonio.
Rangeland predominates in the
Edwards Plateau.

Rangeland streams near the Balcones
escarpment often go dry.

The Study Unit contains the
Edwards aquifer in the Balcones
fault zone, a zone of northeast-
ward-trending parallel faults that
straddles the Balcones escarpment.
The Study Unit also contains the
Trinity aquifer (fig. 2) in the “Hill
Country,” the local name for the
eastern part of the Edwards Plateau
in the region.

An Unusual Physical System

Surface water and ground water
in the Study Unit are uniquely
interrelated. Rainfall reaches
streams deeply incised into the
marl, shale, and limestone of the
Edwards Plateau as springflow and

Corn is among the top agricultural
commodities in the region.

surface runoff. The streams gener-
ally gain water as they flow south-
southeastward from headwaters in
the higher elevations of the plateau.
As the major streams flow across
the faulted and fractured carbonate
rocks of the Edwards aquifer out-
crop (recharge zone), they lose sub
stantial amounts of flow directly
into the highly permeable aquifer.

Ground Water Predominates

Ground water accounts for
nearly all of the water supply in
the Study Unit (fig. 3), and the
Edwards aquifer, one of the most
productive aquifers in the world, is
the principal source. Withdrawals
from the Edwards aquifer meet
the water-supply needs of more

Upgrading roads goes hand in hand
with increasing development north of
San Antonio.

EXPLANATION
Land use
Urban
Agricultural
Rangeland

Sampling site

A Streamflow-gaging station—
Frio River at Concan

0) Edwards aquifer index well—
J-17

3 d ] ANTONIO
AL : o GULF ) rTT1 Balcones escarpment
T a2 B ‘ TAL
oy COAS
pLAIN ? | 2‘5‘ 5p MILES
29° . \ : \ : 30— 0 25 50 KILOMETERS

Figure 1. Land use in the Study Unit correlates with physiography. The rugged, thin-soiled terrain of the Edwards Plateau is
largely undeveloped. The flatter, thicker-soiled terrain of the Gulf Coastal Plain is better suited to growing crops—primarily hay,
sorghum, wheat, corn, and oats. (Land use from Landsat thematic mapper scenes acquired in 1991-93 [1].)

Introduction to the Upper Part of the South-Central Texas Study Unit 3
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EXPLANATION
Ground-water source

Edwards aquifer outcrop
(recharge zone)

Edwards aquifer subcrop
(confined zone)—Downdip
boundary from [2]

Trinity aquifer

Area not underlain by
Edwards or Trinity aquifers
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Figure 2. Areal extent of the Edwards and Trinity aquifers sampled during 1996—98 (modified from [4]). The outcrop of the
Edwards aquifer essentially is the recharge zone; the subcrop essentially is the confined zone. The outcrop of the Trinity aquifer
is approximately coincident with the Hill Country. The subcrop of the Trinity aquifer (not shown), which extends beneath the

Edwards aquifer, is not a source of water supply in the region and was not sampled.

than 1.5 million people in the
greater San Antonio region and
support farming and ranching
west of San Antonio. The aquifer
sustains the flows of Comal and
San Marcos Springs, which attract
tourists to the region, yield base
flow to the Guadalupe River to
meet downstream water require-
ments, and provide habitat for sev-
eral threatened and endangered
species. The Edwards aquifer har-
bors diverse aquatic communities
above and below land surface; at
least 90 described species, one-half
of which are subterranean, are
unique to the region.

The Trinity aquifer, although
much less productive than the
Edwards aquifer, is the most com-
monly used and reliable source of
water supply in the Hill Country.

Development is Increasing

The watersheds of major
streams in the Edwards Plateau
that recharge the Edwards aquifer
were largely undeveloped range-
land in the late 1990s—but that is
changing. A common sight in the
area is the construction of new

subdivisions on land that for
generations has been devoted to
ranching. Edwards, Bandera, and
Kendall Counties were among the
top 10 statewide and the top 50
nationally in percentage of popula-
tion increase during 1990-98.
Urban development in the Edwards
aquifer recharge zone, particularly
in Bexar County (San Antonio),
also is increasing. Bexar County
ranked fourth among counties
statewide and 15th nationally in
numeric population increase during

1990-98. Continued development
on a scale suggested by those U.S.
Census Bureau statistics has the
potential to affect surface- and
ground-water quality in the Study
Unit.

The Edwards Aquifer Is
Particularly Vulnerable to
Contamination

The highly permeable rocks that
compose the Edwards aquifer
recharge zone, and development in
the watersheds of major streams in

ESTIMATED WATER WITHDRAWALS IN 1995
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Figure 3. Nearly all the withdrawals from the Study Unit were ground water. About
70 percent of the ground-water withdrawals were from the Edwards aquifer.

4 Water Quality in South-Central Texas



the Edwards Plateau and in the
recharge zone, make the Edwards
aquifer particularly vulnerable to
contamination. That vulnerability
and the dependence of so many
people on the aquifer combine to
make the water quality of the
Edwards aquifer and the streams
that recharge it a critical issue for
the future of the region.

Climate and Hydrologic
Conditions Can Affect Water
Quality

Hydrologic conditions in the
Study Unit often are extreme.
Months-long droughts that strain
water supplies and produce wide-
spread crop failure commonly are
followed by wet periods that
include torrential rains and flash
floods. Such was the pattern during
the 1996-98 period of intensive
sampling (figs. 4, 5).

Whether hydrologic conditions
are wet or dry can affect water
quality. For example, during wet
conditions, proportionately more of
the streamflow is surface runoff.
Runoff that contains excessive
nutrients, pesticides, or other
contaminants washed off land sur-

30’000\\\\\\\\\\

SURFACE WATER
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Figure 4. Daily mean streamflow of the Frio River at Concan, a basic site for
sampling, reflects the regional droughts of 1996 and 1998 and the subsequent wet
periods. Streamflow at the site can increase almost instantly by a factor of 100 or
more for short periods in response to intense rainfall. The region near the Balcones
escarpment is more prone to flash floods than anywhere else in the Nation [5,

p. 63].

faces can degrade stream quality.
During dry conditions, stream
quality is more strongly influenced
by the quality of the base flow (and
wastewater-treatment plant dis-
charge, if present).

The Study is a Benchmark
for Changes to Come

This study is more of a bench-
mark from which to measure future
water-quality changes than a docu-
mentation of problems. Population
growth and development bring

GROUND WATER

1 0 I e e A L
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H _, water level, 1933-99
oy L B
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Figure 5. The water level in Edwards aquifer index well J-17 in Bexar County rose
substantially during wet periods following the regional droughts of 1996 and 1998;

and reflects the effects of pumpage at San Antonio as well as natural fluctuations in
recharge and discharge. Although pumpage at San Antonio has increased fivefold
since the 1930s, Edwards aquifer water levels show no long-term declines because
the aquifer readily accepts recharge when rainfall is plentiful.

changes in land use, and land use
can have a strong influence on
water quality. Accordingly, part of
the study design focuses on land
use. Surface-water sampling was
done to assess the effects of urban,
agricultural, and rangeland use on
stream quality during stormflows
and during normal and low flows.
Ground-water sampling was done
to assess the overall quality of
ground water in the Edwards and
Trinity aquifers and to assess the
relation between ground-water
quality and urban land use in the
recharge zone in San Antonio.
Synoptic samples were collected
primarily from domestic and moni-
tor wells in the Edwards aquifer
recharge zone, public-supply wells
in the Edwards aquifer confined
zone, and domestic wells in the
upper and middle zones of the
Trinity aquifer. (See “Study Unit
Design,” p. 22.)

Introduction to the Upper Part of the South-Central Texas Study Unit 5



MAJOR FINDINGS

Stream Quality Is Affected
Most by Urban Activities

Chemical and biological indica-
tors in monitored streams in key
land-use settings in the Study Unit
(fig. 6) show that stream-quality
degradation tends to be associated
with urban land to a greater degree
than with agricultural land or
rangeland. With a few exceptions,
pesticides, VOCs, and trace ele-
ments were either not detected or
detected at concentrations below
levels of concern for human health
or aquatic life in all monitored
streams.

Nutrient Concentrations Increased
as a Result of Wastewater-
Treatment Plant Discharges

Discharges from wastewater
treatment plants had the greatest
effect on nutrient concentrations
of any identifiable source in the
Study Unit [6]. Nitrate concentra-
tions were appreciably higher in an
urban stream downstream from
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four wastewater treatment plants
(San Antonio River at Elmendorf)
than in streams in other land-use
settings (fig. 7). Nitrate concentra-
tions in the San Antonio River at
Elmendorf generally increased as
the percentage of wastewater-
treatment plant discharge (efflu-
ent) in streamflow increased

(fig. 8). Although the San Antonio
River historically has not been a
source of drinking water, the
median nitrate concentration at
Elmendorf (11 milligrams per
liter [mg/L]) exceeded the U.S.
Environmental Protection Agency
(USEPA) maximum contaminant
level (MCL) for drinking water
(10 mg/L). No aquatic-life
guideline for nitrate has been estab-
lished. The flow-weighted mean
nitrate concentration at Elmendorf,
5.8 mg/L, was about the 90th per-
centile among 372 NAWQA
stream sites nationwide.

Ammonia at sufficient concen-
trations, which vary with water

Nutrients in Water

Nitrogen (primarily dissolved
nitrate) and phosphorus (primarily
dissolved phosphates and organic
phosphorus in streams and ortho-
phosphate in ground water) are
essential to the health of plants and
animals. Elevated concentrations of
these nutrients in water, however,
can cause problems. Too much
nitrate in drinking water can reduce
oxygen concentrations in the blood
of infants to dangerously low levels.
Excessive nitrate and phosphorus
concentrations in surface water can
cause nuisance algae and plant
growth, which in turn can adversely
affect aquatic ecosystems and
water-related recreational activities.
Nitrogen and phosphorus occur

naturally in water, but natural con-
centrations are increased by the
introduction of fertilizers, manure,
or treated sewage effluent into the
water.

temperature and acidity [7],

can be toxic to fish. Median ammo-
nia concentration at Elmendorf
was 0.1 mg/L, the same as the

! jil_Sldhico A, 98°
A A e "T«/!/Q |
: DALy, N W -
Ny G}JA (2N p)@ Cfn on~ ;A 1
h - 7~ ake 2
<, Medip, NN A A
N Ca SN 3 [ .
;%1; /9/"/ 2 N %47
3 ¢ R AT @G%@. o,
D ¢ ) ‘idl\‘/lchdllna R PSS W
LT Y \< ake ; {POV { ) @/
A - IS 2 c AV
‘ 2 ‘ To § EXPLANATION
2 /\ [ A Key land-use setting
faa T 4 Urban
@ — ‘ASA/I/ X
S T L Urban/effluent dominated
& /% Agricultural
- r )
S R { Rangeland
\ ! Sampled material
9 2? 59 MILES A Water, bed sediment, and tissue
I T T : ;
0 25 50 KILOMETERS D Bed sediment and tissue

D1 No tissue sampling

Figure 6. Stream-water sampling in key land-use settings in the Study Unit was done at 9 sites, bed-sediment sampling at 15
sites, and fish-tissue sampling at 14 sites.
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estimated national background
concentration in streams essentially
unaffected by human activities [8].
Modern treatment plants effec-
tively remove ammonia from
wastewater by converting it to
nitrate.

Land use had less effect on
nutrient concentrations than prox-
imity to wastewater treatment
plants. The median nitrate concen-
tration in an urban stream not
affected by wastewater-treatment
plant discharge (Salado Creek at
San Antonio) was 0.56 mg/L,
about the same as the estimated
national background nitrate con-
centration (0.6 mg/L) in streams
essentially unaffected by human
activities [8]. The median nitrate
concentration in an agricultural
(cropland) stream (Medina River
at La Coste) was 2.0 mg/L, higher
than that of Salado Creek and
showing the effect of runoff
containing nitrate from fertilizers.
The median is typical of median
nitrate concentrations in surface
water draining agricultural areas in
selected NAWQA Study Units
nationwide [8]. Median nitrate con-
centrations in four rangeland
streams (Frio, Sabinal, Guadalupe,
and Blanco Rivers) were near
background levels (0.34 to 0.77
mg/L).

Nitrate concentrations vary over
time in response to hydrologic
conditions, wastewater-treatment
plant discharges, plant and algal
uptake, and timing of fertilizer
application. However, no seasonal
pattern in concentrations associated
with any land-use setting was
evident (fig. 7).

Total phosphorus concentrations
also were highest in the San
Antonio River at Elmendorf. The
median total phosphorus concen-
tration was 1.6 mg/L, and all
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Figure 7. Nutrient concentrations were consistently higher in streams influenced
by urban wastewater-treatment plant discharge (San Antonio River) and agricultural
runoff (Medina River) than in an urban stream (Salado Creek) or a rangeland
stream (Frio River). Greater rainfall and streamflow during 1997 and early 1998
diluted nitrate concentrations associated with wastewater-treatment plant discharge

in the San Antonio River at Eimendorf.

concentrations were greater than
the USEPA goal of 0.1 mg/L to
control nuisance algae and aquatic
plant growth. The flow-weighted
mean total phosphorus concentra-
tion at Elmendorf, 1.2 mg/L, was
about the 98th percentile among
372 NAWQA stream sites nation-
wide. The median total phospho-

rus concentration in Salado Creek
at San Antonio, the urban stream
not affected by wastewater-
treatment plant discharge, was
0.066 mg/L, and individual con-
centrations commonly exceeded
the USEPA goal of 0.1 mg/L.

The median total phosphorus con-
centration for the Medina River at

20 T T

-
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PERCENTAGE OF STREAMFLOW
THAT WAS WASTEWATER-TREATMENT PLANT DISCHARGE

Figure 8. Differences in rainfall-runoff relations with flow in the San Antonio River
at Elmendorf account for variability in the dilution of wastewater-treatment plant
discharge. Concentrations of nitrate in the river increased appreciably with the
percentage of wastewater-treatment plant discharge in the streamflow.
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La Coste, the agricultural stream,
was 0.030 mg/L; and the median
concentration for each of the four
rangeland streams was less than
0.010 mg/L, the minimum report-
ing level. Total phosphorus concen-
trations in all streams exceeded the
USEPA goal during stormflows.
Higher phosphorus concentrations
during stormflows is consistent
with the adherence of phosphorus
to sediment particles and the
increase in suspended sediment
concentrations during stormflows.

More Pesticides—at Generally
Higher Concentrations—Were
Associated with Urban Land Use

More pesticides and their
breakdown products (hereinafter,
pesticides) were detected in Salado
Creek at San Antonio (25 of 83
analyzed) than in the San Antonio
River at Elmendorf downstream
from the wastewater treatment
plants (18 of 83) and the Medina
River at La Coste (15 of 83) [6].
Samples from rangeland streams
were not analyzed for pesticides.
The maximum concentrations of
7 of the 10 pesticides detected in
all three streams occurred in Salado
Creek at San Antonio. In all three
streams, some pesticide concentra-
tions increased in the spring, which
is consistent with the time of year
for application.

No concentration of a pesticide
for which a drinking-water
standard has been established (25
of 31 pesticides detected) exceeded
that standard in any of the three
streams. However, aquatic-life
guidelines (established for 17 of
31 pesticides detected) were
exceeded in at least one sample
for 5 pesticides in Salado Creek at
San Antonio, 3 insecticides in the

Pesticides in Streams—How Toxic to Aquatic Life?

According to the Extension Toxicology Network [9], the insecticide carbaryl,
a general-use pesticide, is moderately toxic to aquatic organisms. The
insecticide diazinon, some formulations of which are classified as restricted
use (use by certified applicators only), is highly toxic to fish. The insecticide
gamma-HCH, some formulations of which are classified as restricted use,
is highly to very highly toxic to aquatic organisms. The insecticide malathion,
a general-use pesticide, has a wide range of toxicities to aquatic organisms.
DDE is a breakdown product of the insecticide DDT, which was banned for use
in the United States in 1972. DDE has similar chemical and physical properties
to DDT, which is very highly toxic to fish and to many aquatic invertebrate
species. The herbicide tebuthiuron, a general-use pesticide, is slightly toxic to
practically non-toxic to aquatic organisms.

Atrazine is a restricted-use pesticide (home use exempted from restrictions)
commonly used to kill broadleaf weeds. Atrazine is the most widely used herbi-
cide in Texas corn and grain sorghum production [10] and the most widely used
pesticide in the United States [11]. The Extension Toxicology Network [9] clas-
sifies atrazine as slightly toxic to aquatic organisms. No aquatic-life guideline
has been established for the atrazine breakdown product deethylatrazine.

The herbicide prometon, a general-use pesticide, has been shown in toxico-
logical studies on selected fish species to have very low toxicity [12]. The herbi-
cide simazine, also a general-use pesticide, is slightly toxic to practically non-
toxic to aquatic organisms [9]; and the herbicide diuron, another general-use
pesticide, is moderately toxic to fish and highly toxic to aquatic invertebrates

9.

San Antonio River at ElImendorf,
and 1 insecticide in the Medina
River at La Coste (table 1).

The most frequently detected
pesticides in all three streams
were atrazine, deethylatrazine, and
prometon (fig. 9). Atrazine was
detected in all of the samples from
each of the three streams.

The number of pesticides and
the most frequently detected
pesticides in each stream change
when frequency of detection is
based on a common concentration
of 0.05 microgram per liter (ug/L).
(See box, p. 9.) In Salado Creek
at San Antonio, 13 pesticides
were detected on the basis of the

Table 1. Pesticides and VOCs in stream water for which at least one sample

exceeded an aquatic-life guideline

[1, insecticide; H, herbicide; VOC, volatile organic compound]

Number of exceedances / samples

San Antonio River

Compound Type  Salado Creek Medina River
urban/effluent .
urban . agricultural
dominated

Carbaryl I 1/35 2/26 0/32
Diazinon I 11/35 3/26 0/32
Gamma-HCH I 0/35 12 /26 0/32
Malathion I 1/35 0/26 0/32
p,p’-DDE I 4/35 0/26 2/32
Tebuthiuron H 1/35 0/26 0/32
Trichloromethane VOC 0/22 8/13 0/7
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Salado Creek San Antonio River Medina River
urban urban/effluent dominated agricultural
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FREQUENCY OF DETECTION, IN PERCENT

Figure 9. Pesticides and VOCs were detected more frequently in urban streams
than agricultural streams. The five pesticides and VOCs most frequently detected in
stream water are shown. More herbicides than insecticides (shaded brown) were

detected.

common concentration (compared
with 25 detected without regard to
a common concentration). The
five most frequently detected
pesticides and their detection fre-
quencies based on the common
concentration were

Tebuthiuron 91 percent
Atrazine 46 percent
Diazinon 46 percent
Diuron 37 percent
Carbaryl 31 percent.

In the San Antonio River at
Elmendorf, only 5 pesticides were
detected on the basis of the com-
mon concentration (compared with
18). The five detected and their
detection frequencies were

Atrazine 46 percent
Diazinon 27 percent
Carbaryl 19 percent
Tebuthiuron 19 percent
Diuron 12 percent.

In the Medina River at La Coste,
5 pesticides also were detected
on the basis of the common con-
centration (compared with 15).
Detection frequencies of all 5
pesticides based on the common
concentration were less than 10
percent.

The number of pesticides
detected and, in general, the
frequencies of detection based
on a common concentration of
0.05 pg/L are substantially less
than those not based on a common
concentration. This result under-
scores the fact that the majority of
pesticide detections in stream water
represent extremely low concentra-
tions. Less than 0.05 pg/L means
less than 1 part contaminant per
20 billion parts water, which is
about the same concentration as
an aspirin tablet dissolved in an
olympic-size swimming pool.

All of the surface-water samples
contained more than one pesticide,
which is consistent with national
NAWQA findings that show
pesticides commonly occur in mix-
tures of several compounds [13].
Drinking-water standards for com-
binations of pesticides have not
been established, and very little is
known about the effects of mix-
tures of pesticides on aquatic life.

Most Volatile Organic Compound
Concentrations Were Low Relative
to Standards and Guidelines

The most VOCs (33 of 86
analyzed) were detected in the

About Frequencies of Detection

The minimum reporting level (MRL) is the smallest measured concentration
of a constituent that may be reliably reported using a given analytical method;
the MRL varies among constituents and analytical methods.Thus, the fre-
quency at which a constituent is detected depends in part on its MRL. In
general, the frequency of detection of a constituent increases as the MRL
decreases. For example, atrazine was detected in 100 percent of the surface-
water samples in this study on the basis of an MRL of 0.001 ug/L. The

detection frequency would have been 38 percent if the MRL for atrazine was
0.05 ug/L.

Detection frequencies for pesticides and VOCs in water are reported in two
ways in this report. The first is based on the MRLs of the methods used by the
laboratory. The second is based on a common concentration for each group of
constituents, which eliminates the effect of different MRLs for different constitu-
ents. The common concentration was selected as 0.05 ug/L for pesticides and
0.1 ug/L for VOCs.

Major Findings
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San Antonio River at ElImendorf.
Twenty-one VOCs were detected
in Salado Creek at San Antonio.
As was the case with pesticide
detections, the fewest VOC detec-
tions (15) were in the Medina River
at La Coste [6]. The maximum
concentrations of 7 of the 10 VOCs
detected in all three streams were
from the San Antonio River at
Elmendorf. No samples from
rangeland streams were analyzed
for VOCs. Of the 20 VOCs
detected for which drinking-water
standards and (or) aquatic-life
guidelines have been established,
one VOC—trichloromethane—
exceeded the Canadian water-
quality guideline for the protection
of aquatic life [14] in 8 of 13 sam-
ples in the San Antonio River at
Elmendorf (table 1). Trichloro-
methane is moderately toxic to
aquatic life [15], but it is not
persistent in surface water; one-
half of it will have evaporated after
several days. No other VOC con-
centrations in any of the three
streams approached the levels of
concern for the protection of
human health or aquatic life.

Four of the 5 VOCs most
frequently detected in the San
Antonio River at Elmendorf
(bromodichloromethane, chloro-
dibromomethane, trichloro-
methane, and tribromomethane)
(fig. 9), are by-products of water
chlorination. The presence of
these trihalomethane compounds
is consistent with the fact that a
major part of the flow of the river
was wastewater-treatment plant
discharge. On the basis of a com-
mon concentration of 0.1 ug/L,
only 5 VOCs were detected (com-
pared with 33 detected without
regard to a common concentra-
tion). The same four trihalom-
ethanes were detected at essentially

the same frequencies as those
detected without regard to a com-
mon concentration (fig. 9). The
fifth, methylbenzene, was detected
in 31 percent of the samples.

Four of the 5 VOCs most fre-
quently detected in Salado Creek at
San Antonio (cis-1,2-dichloro-
ethene, methylbenzene, acetone,
and carbon disulfide) (fig. 9) are
industrial chemicals with a variety
of uses. They probably entered the
stream in urban runoff. The fifth
VOC most frequently detected
(methyl tert-butyl ether MTBE])
was 1 of 3 VOCs detected on the
basis of a common concentration
of 0.1 ug/L. MTBE was the only
one of the three with a detection
frequency (50 percent) greater than
10 percent. MTBE is a gasoline
additive used primarily to reduce
air pollution and has received
recent publicity because of its
potential to contaminate ground
water. Although the use of MTBE
in gasoline in the area has not been
mandatory, it likely has been in
some of the gasoline supplied to
service stations and subsequently
entered the environment during
refueling at service stations or from
engine exhaust, leaking storage
tanks, or spills.

The five VOCs most frequently
detected in the Medina River at
La Coste (fig. 9) are hard to associ-
ate with a specific agricultural use.
None of the five were detected on
the basis of a common concentra-
tion of 0.1 pug/L. Two other VOCs,
benzene and methylbenzene, were
detected on the basis of the com-
mon concentration (compared with
15). The frequency of detection for
both was 14 percent.

As with pesticides in stream
water, the substantially smaller
number of VOCs detected and, in
general, the reduced frequencies
of detection based on a common
concentration show that the major-
ity of VOC concentrations were
extremely low—Iless than 1 part
contaminant per 10 billion parts
water.

Persistent Contaminants That
Accumulate in Sediment and Fish
Tissue Were Most Prevalent in
Urban Streams

The occurrence of environ-
mentally persistent organochlorine
compounds (organochlorine
insecticides and polychlorinated
biphenols [PCB]), semivolatile
organic compounds (SVOC)
including polycyclic aromatic

Fish for tissue analysis and community status assessment were collected by
seining (shown above in the Blanco River near Wimberley) and by electrofishing.
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hydrocarbons (PAH), and trace
elements (primarily metals) was
assessed by measuring their
concentrations in stream sediment
and fish and clam tissue in key
land-use settings. (Urban and
urban/effluent dominated samples
were grouped together as urban.)

Sediment samples from 15 sites
(fig. 6) were analyzed for 32 orga-
nochlorine pesticides, total PCBs,
and 63 SVOCs. The greatest num-
ber of contaminants detected, and
generally the highest concentra-
tions (table 2), occurred in urban
stream sediment. An average of
26 contaminants per site were
found at 6 urban sites. An average
of 10 contaminants per site were
found at 3 agricultural sites; and an
average of 8 contaminants per site
were found at 6 rangeland sites.

The total organochlorine
pesticide concentrations (sum of
concentrations of all pesticides
detected at each site) in some
urban sediment samples were
among the highest of 836 NAWQA
stream sites nationwide. Total
concentrations at 3 of the 6 urban
sites ranked in the top 12 percent.
In contrast, no pesticides were
detected in sediment from 2 of
the 3 agricultural streams, and
none were detected in sediment
from any of the 6 rangeland sites.
PCBs were not detected in any
stream-sediment samples.

The stream-sediment samples
also were analyzed for 44 trace
elements. Although the frequencies
of detection were similar among
urban, agricultural, and rangeland
sites (23 to 28 per site), the concen-
trations generally were highest in
urban sediment (table 2).

For the 27 organochlorine
pesticides and total PCBs analyzed
in wholebody and carcass (whole-
body without liver) fish tissue

Table 2. Concentrations of contami-
nants in urban, agricultural, and
rangeland stream sediment and fish

and clam tissue

[Concentrations are average of samples from

number of streams listed]

Selected organochlorine pesticides and

PAHs in sediment

[Concentrations in micrograms per kilogram,

dry weight; <, less than]

urban G e
3 sites 6 sites
Chlordane 7.1 <1.0 <1.0
Total DDT 6.3 .64 <1.0
Total PAHs = 1,327 150 90

Selected trace elements in sediment
[Concentrations in micrograms per gram, dry

weight]
Urban i land
3 sites 6 sites
Arsenic 6.1 4.0 1.7
Cadmium 5 2 3
Chromium 49.5 40.3 17.5
Copper 17.7 9.3 4.5
Lead 40.8 15.7 8.2
Mercury 1 .01 1
Selenium .6 8 9
Zinc 93.5 60.3 74.2

Selected organochlorine compounds in

wholebody and carcass fish tissue

[Concentrations in micrograms per kilogram,

wet weight]

urban G Tland

3 sites 2 sites
Chlordane 43 7 4
Total DDT 110 26 28
Total PCBs 286 60 16

Selected trace elements in clam tissue
[Concentrations in micrograms per gram, wet

weight]

uban G Cland

3 sites 5 sites

Arsenic 5.9 5.5 4.4
Cadmium 3.8 5 4
Chromium 39 2.6 1.8
Copper 60 31.0 21.8
Lead 33 1.7 5
Mercury 2 .03 1
Selenium 54 7.3 6.7
Zinc 277 143 164

from nine sites, the greatest
number of contaminants, and
generally the highest concentra-
tions (table 2), also were found

in urban samples. An average of

5 contaminants per sample were
found in 7 urban fish-tissue
samples; an average of 2 contami-
nants per sample were found in
10 agricultural fish-tissue samples;
and an average of 2 contaminants
per sample were found in 4 range-
land fish-tissue samples. The fish-
tissue samples were composites
from 3 to 9 fish of the same
species, typically common carp
(Cyprinus carpio).

The total organochlorine
pesticide concentrations in urban
wholebody and carcass fish-tissue
samples ranked in the middle-to-
high range among concentrations
in wholebody tissue from 505
NAWQA sites nationwide. Three
of the 7 urban sample concentra-
tions were in the top 25 percent.
As with total organochlorine pesti-
cide concentrations in sediment,
concentrations in agricultural and
rangeland fish-tissue samples gen-
erally were lower than those in
urban samples. Only 2 of the
10 agricultural samples and none
of the 4 rangeland samples con-
tained total organochlorine pesti-
cide concentrations in the upper
50 percent of concentrations
nationwide.

Total PCB concentrations in
wholebody and carcass fish-tissue
samples generally followed the
same pattern. Concentrations were
in the top 15 percent of wholebody
PCB concentrations nationwide in
4 of the 7 urban samples, 1 of the
10 agricultural samples, and none
of the 4 rangeland samples.
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Trends in Water Quality Associated With Urban Development, as

Reflected in Bottom Sediment of Lakes and Reservoirs, Are Not
Unique to San Antonio
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The NAWQA Program began a national study of
water-quality trends using age-dated bottom-
sediment cores in 1992. Ages of core sediment are
dated using a combination of physical and chemical
markers, specifically the amount of cesium-137 (a
radioactive by-product of nuclear weapons testing)
at selected depths in the core.

Urban development in watersheds is leaving similar marks on
water quality nationwide. Changes in water quality over time as
watersheds become more urban are recorded in the successive lay-
ers of bottom sediment in lakes and reservoirs (hereinafter, lakes).
Soil and debris, and any attached contaminants, carried by runoff to
the lakes settle to the bottom. By analyzing short sections of sedi-
ment cores (vertical tubes of mud) extracted from lake bottoms
across the country, the USGS has been documenting changes in
water quality as the watersheds become more developed. Lorence
Creek Lake, a small suburban lake in a rapidly urbanizing area in
northern San Antonio, fits the pattern observed nationally. Trends in
selected contaminants from Lorence Creek Lake sediment [16] gen-
erally match those from other lakes in watersheds in different parts
of the country that have undergone rapid urban development in
recent years. Lead concentrations generally peaked in the mid-
1970s and declined appreciably as unleaded gasoline and lower
lead content in other products became widespread. Total DDT con-
centrations generally followed the historical use of DDT in the United
States, which peaked from the late 1950s to the mid-1960s and then
declined substantially. DDT was banned in 1972. Total PCB concen-
trations generally peaked in the mid-1960s and declined in the
1970s, reflecting peak production and subsequent regulation of
PCBs in the United States. Total PAH concentrations generally have
increased substantially since about 1970. PAHSs result from the burn-
ing of hydrocarbons and other organic material. The lower concen-
trations in Lorence Creek Lake sediment in the 1980s are thought to
be due to washed-in soil from subsurface layers (older and thus low
in PAH concentration) associated with major highway construction
adjacent to the lake.

Lorence Creek Lake

Locations of the five lakes in addition to Lorence Creek
Lake for which water-quality trends from sediment cores
are graphed.

T The graphed contaminant concentrations are “normalized” values. That is, the concentrations down each core were divided by the mean
concentration of the top three samples in each core. This allows very different concentrations to be graphed together to show similarity in

trends.
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Nationally and Locally, Biological Community Status Is Related to

Watershed Development

Selected biological community status
indicators of stream quality nationwide
show that stream quality is more likely to
be degraded in watersheds dominated by
urban and agricultural activities than those

Selected biological indicators' of water quality—comparison of
upper South-Central Texas Study Unit sites with NAWQA sites?

that are predominantly undeveloped. Bio- i HSHe!

logical community status indicators in the S VIVatershesd Algal Invertebrate  Fish
Study Unit generally were consistent with and use status status status
the national results. The algal status at the sl lfves IREMEEERE [ [ O
urban site on the San Antonio River was Frio River Rangeland [] [] []
the highest of all NAWQA biological sites Blanco River Rangeland O [] O
and is a reﬂeCtionl 9f the high n.itrate anq Guadalupe River (upper) Mixed (rangeland) O [] O
phosphorus cqndmons at the site. The fish e (B Agricutural o 0 0
status at the site was among the highest ) . )

25 percent of NAWQA biological sites. Geronimo Creek Agricultural o [ =
Degraded habitat conditions (mostly Guadalupe River (lower) Mixed (agricultural) [ | O L]
unstable sands and muds) likely contrib- Salado Creek Urban O O [ |
uted to the degraded condition of algal and San Antonio River Mixed (urban) ] o ]

fish communities. These results are con-
sistent with the finding that the quality of
water, bed sediment, and fish tissue in the
San Antonio River has been affected by
proximity to development.

The agricultural streams Medina River,
Geronimo Creek, and lower Guadalupe
River generally had lower indicator scores
than the urban streams, except those for
algal status.

The rangeland Sabinal and Frio Rivers
had national scores among the lowest
25 percent of NAWQA biological sites.
Among biological sites in the Study Unit,
these two streams are least affected by
urban or agricultural development.

[l Lowest 25 percent nationally (least degraded)
] Middle 50 percent nationally
B Highest 25 percent nationally (most degraded)

1 See Glossary.

2 Represents 140 sites in the NAWQA national basic- and intensive-
site network that have algal, invertebrate, and fish data.

3 Watershed land use was categorized on the basis of national and
local (study-unit) criteria. Where national and study-unit criteria yielded
different land-use settings, the study-unit land-use setting is in parentheses.

4 Not one of the NAWQA national sites.

In clam (Corbicula) tissue from
12 sites, the concentrations of
trace elements generally were
highest in the samples from urban
sites (table 2). In fish-liver tissue
from nine sites, however, no clear
association between trace element
concentration and watershed land
use was evident.

At some sites, concentrations
of some sediment contaminants
exceeded the Canadian sediment
guidelines for the protection of

aquatic life [17]. The guidelines
are termed “probable effects
levels” (PEL). The PEL is the con-
centration above which adverse
effects on aquatic life are predicted
to occur frequently. PELs have
been established for 18 of the 43
organochlorine compounds and
SVOCs and 8 of the 28 trace ele-
ments detected in sediment. In one
each of 4 urban sediment samples,
DDT, DDE, chlordane, and lead
concentrations exceeded the

respective PEL; in 1 rangeland sed-
iment sample, the mercury concen-
tration exceeded the PEL.
Guidelines to protect fish-eating
wildlife (for the State of New York)
[18] have been established for 8 of
the 10 organochlorine compounds
detected in wholebody and carcass
fish tissue but not for the 19 trace
elements detected in clam and fish-
liver tissue. Total PCB concentra-
tions in 6 of the 7 urban fish-tissue
samples and 2 of the 10 agricultural
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fish-tissue samples exceeded the
guideline for PCBs. The guideline
for total DDT was exceeded in 1 of
the 7 urban fish-tissue samples.

Floodflows, Non-Native Species
Can Affect Biological Community
Status

Intense rainstorms on terrain
conducive to rapid runoff result in
frequent floodflows in the Study
Unit. In June 1997, about a month
before biological samples were
collected, severe flooding on the
Frio and Sabinal Rivers affected
the biological communities, partic-
ularly the invertebrates. Estimated
recurrence intervals for the peak
floodflows at the sampling sites on
the Frio and Sabinal Rivers were
15 and 90 years, respectively [19].
For both rivers, the invertebrate
communities were more degraded
in 1997 than in 1996 and 1998
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during considerably drier condi-
tions. Changes in the percentages
of certain algae reflected less
siltation and reduced nutrient con-
centrations after scouring flood-
flows. The fish communities were
not noticeably affected by the
flooding.

More than 30 non-native aquatic
species, many of tropical origin,
are known to exist in the Study
Unit [20, table 5]. Non-native
aquatic species are considered a
threat to native species [21]. How-
ever, the findings of this study
show that native fish species
remain dominant at the locations
sampled. The redbreast sunfish
(Lepomis auritus), originally intro-
duced in Texas as a game fish, was
the most common non-native fish
species, particularly in the Blanco
River where clear-flowing water
favors this species.
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Edwards Aquifer Water
Quality Remains Excellent

The quality of water in the
Edwards aquifer is “excellent”
according to the Edwards Aquifer
Authority (EAA), the State agency
charged with managing, conserv-
ing, preserving, and protecting
the aquifer [22]. Comprehensive
analyses of water samples from
88 wells (fig. 10) (one sample
per well) in the Edwards aquifer
in urban, agricultural, and range-
land areas of the recharge and
confined zones support that charac-
terization. However, the fact that
water samples contained detectable
concentrations of pesticides and
VOCs, even though the levels
were well below allowable maxi-
mums in drinking water, shows that
human activities can affect the
aquifer.
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Figure 10. Fifty-eight of the Edwards aquifer wells sampled were in the recharge zone, and 30 were in the confined zone. Most
of the recharge-zone wells were for domestic supply or monitoring, and nearly all of the confined-zone wells were for public
supply. Almost all of the urban recharge-zone samples contained both pesticides and VOCs. Most of the 31 sampled wells from
the upper and middle zones of the Trinity aquifer were for domestic supply. About one-third of the Trinity aquifer samples
contained no pesticides or VOCs, and only three samples contained both.
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Hydrogeology and Land-
Use Distribution—Good for

Edwards Aquifer Water
Quality

A fortuitous combination of hydro-
geology and land-use distribution
has helped to maintain the quality of
water in the Edwards aquifer. Nearly
all agricultural areas and much of
San Antonio, the only urban area
large enough to affect water quality
regionally, overlie the confined zone
rather than the recharge zone. In the
confined zone, the Navarro-Del Rio
confining unit [23], which comprises
hundreds of feet of low-permeability
rocks, overlies the Edwards aquifer
and forms a regional barrier to
vertical ground-water flow. The con-
fining unit insulates to a large extent
the part of the Edwards aquifer
beneath it from the effects of land-
use activities.

Additionally, the streams that pro-
vide much of the recharge to the
aquifer originate in and flow through
what is now mostly undeveloped
rangeland before reaching the
recharge zone of the aquifer; thus,

the streams are not carrying urban or

agricultural runoff in the recharge
water.

Finally, the quality of Edwards
aquifer water generally is enhanced

by the dynamic nature of the ground-

water-flow system. Since the mid-
1930s, the annual flow through the

The occurrence of contaminants
in the Edwards aquifer is influ-
enced by hydrogeology and land
use. The faulted and fractured
limestone of the Edwards aquifer
recharge zone allows unrestricted
downward movement of water
containing contaminants into the
ground-water-flow system,
whereas the confined zone has a
buffer (confining unit) between
land surface and the aquifer that
restricts the downward movement
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system has averaged about 680,000
acre-feet [24, table 1]. One estimate
of regional ground-water velocity in
the aquifer is 27 feet/day [25, p. 82].
Under those conditions, contami-
nants tend to be diluted and have
less chance of remaining stationary
and accumulating than they would in
a less dynamic system.

of water and contaminants. (See
box above.) Thus, within the
recharge zone, land use noticeably
influences water quality; but in the
confined zone, land use has much
less effect.

Nutrient Concentrations Were Low

Nitrate, which dissolves readily
in water, is widespread in the
Edwards aquifer. It was detected in
all but 1 of 88 samples. The median
nitrate concentration was 1.4 mg/L

in the recharge zone and 1.7 mg/L
in the confined zone.

Primarily public-supply wells
were sampled in the confined
zone. The median concentration of
1.7 mg/L in that zone, although
well below the USEPA MCL for
drinking water (10 mg/L), was in
the top 10 percent of median
nitrate concentrations of major
aquifers sampled by NAWQA
nationwide. The highly permeable,
faulted and fractured rocks of the
recharge zone readily allow infil-
tration of water that contains nitrate
and dissolved oxygen. Nitrate is
more stable under aerobic condi-
tions. Nitrate commonly migrates
large distances from recharge areas
in fractured-rock aquifers that
contain considerable dissolved
oxygen [26]. The median dissolved
oxygen concentration in the con-
fined zone was 6.0 mg/L.

Orthophosphate, which
accounts for nearly all the dis-
solved phosphorus, was less
prevalent than nitrate. Orthophos-
phate was detected in 49 of 88
well-water samples. Concentra-
tions throughout the aquifer were
low; the median concentration was
0.015 mg/L.

Pesticide Concentrations Were
Substantially Less Than Drinking-
Water Standards and Guidelines,
and Detections Were Most
Frequent in Urban Recharge-Zone
Wells

Seventeen of the 83 pesticides
analyzed in recharge-zone samples
and 18 of the 47 pesticides ana-
lyzed in confined-zone samples
were detected (fig. 10); 17 of 18
were the same in both zones. At
least one-half of the water samples
with a pesticide detection con-
tained two or more pesticides.

The concentration of each of the
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The Frequencies of Pesticide Detection in Ground Water Vary in
Comparison With Those in Ground Water Nationally—
Compounds Detected Were the Same

Herbicides in shallow ground water in urban areas Insecticides in shallow ground water in urban areas

The maps are based on data from 25 urban ground-water land-use studies and 63 major aquifer surveys
from NAWQA Study Units across the country. Most samples for land-use studies were collected from
monitor wells. Most samples for major aquifer surveys were collected from domestic and public-supply wells.

Herbicides in major aquifers Insecticides in major aquifers

The frequencies of detection of herbicides and insecticides in recently EXPLANATION
recharged urban ground water in northern San Antonio (Edwards aquifer
recharge zone) ranked among the highest 25 and 30 percent, respec-
tively, of frequencies of detection in urban shallow ground water across
the country. The same four pesticides—the herbicides atrazine, deethyla-

——— Study-unit boundary
Herbicide detection frequency

Highest 25 percent (greater than 62.10
percent detection)

trazine, prometon, and simazine—were the most frequently detected in o Middle 50 percent (19.40-62.10 percent detection)
both northern San Antonio ground water and urban shallow ground water o Lowest 25 percent
nationwide. (less than 19.40 percent detection—no detections)
The frequency of detection of herbicides in the Edwards aquifer was Insecticide detection frequency
in the middle 50 percent of major aquifers nationally, and the frequency of e Highest 30 percent (greater than 10.70
detection of herbicides in the Trinity aquifer was in the lowest 25 percent. etz st on)
For insecticides, Edwards and Trinity aquifer water ranked in the middle ©  Middle 45 percent (2.60-10.70 percent detection)
45 percent of frequencies of detection in major aquifers nationally. o Lowest25 percent ) )
Rk . p . (less than 2.60 percent detection—no detections)

Atrazine, deethylatrazine, prometon, and p,p’-DDE were the pesticides
most frequently detected in major aquifers both locally and nationally. o’ Drinking-water standards or guidelines—

] Bold outline indicates exceedance by
_ Locally, herbicides were detected at a much greater frequency than one or more pesticide concentrations.
insecticides. As the map explanation indicates, national ground-water Numbetr Ist,perc?hnt?ge of V(\jleg-watter zarf:jple
data show the same finding. or guideline, o ooced & standan
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Figure 11. Pesticides and VOCs in the Edwards aquifer were most frequently detected in urban recharge-zone wells. Shown
are those pesticides and VOCs detected in more than 10 percent of samples. Only one insecticide, p,p’-DDE (shaded brown), a
breakdown product of DDT, was detected in more than 10 percent of samples; the other pesticides shown here are herbicides.

13 pesticides detected for which
drinking-water standards or guide-
lines have been established was
substantially less than the respec-
tive allowable maximum [27].
However, standards for combina-
tions of pesticides have not been
established, and very little is
known about the effects of
mixtures of pesticides on human
health.

More pesticides were detected
and frequencies of detection were
greater in urban recharge-zone
samples than in nonurban recharge-
zone or confined-zone samples
(fig. 11). Pesticide usage in urban
areas likely is higher than in
nonurban areas in the recharge
zone. Nonurban areas in the
recharge zone primarily are range-
land where usage is nonexistent or
very low. Little if any direct (down-

ward) recharge occurs in the con-
fined zone compared with the
recharge zone. Although pesticide
usage in urban and agricultural
areas overlying the confined zone
could be greater, fewer pesticides
will reach the aquifer because of
the lack of direct recharge.

As was the case for stream
water, the pesticide detection
picture changes considerably
when detection frequency is based
on a common concentration of
0.05 pg/L. Among urban recharge-
zone samples, only five pesticides
were detected (compared with
17 without regard to a common
concentration). Atrazine was the
most frequently detected but only
in 5.6 percent of the samples. On
the basis of the common concentra-
tion, no pesticides were detected in
any nonurban recharge-zone or

confined-zone samples (compared
with 5 and 6, respectively, without
regard to a common concentra-
tion). As in stream water, the
majority of pesticide detections
thus represent concentrations of
less than 1 part contaminant per 20
billion parts water.

The Most Frequently Detected
Pesticides Were the Same in
Ground Water and Surface Water

Four of the 5 pesticides most fre-
quently detected in ground water
from urban recharge-zone wells—
the herbicides deethylatrazine,
atrazine, simazine, and prometon
(fig. 11)—were the same as 4 of
the 5 pesticides most frequently
detected in urban streams (Salado
Creek at San Antonio and San
Antonio River at Elmendorf)

(fig. 9). Although both sites are
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The Edwards Aquifer Harbors Diverse Subterranean and Unique Spring-Dependent Aquatic

Species

The Edwards aquifer contains one of the most diverse
subterranean biological communities in the world. At least
43 species of underground aquatic animals can be found

[21], including two species of blind catfish (a predator and

a forager) living several hundred feet below the surface at
San Antonio [28]. The blind catfishes’ highly modified
adaptations to cave life, including degree of eye reduction,
are evidence that these animals are among the oldest of
cave fish, having entered the ground-water system as long
as 20 million years ago. Organic matter brought in from
distant recharge areas would not be sufficient to support
these fish and the other animals living in the deep parts of
the aquifer. Rather, the aquifer is sustaining an ancient
self-contained community, with hydrogen-sulfide-fixing
bacteria possibly the primary food source.

An additional 47 surface-water species are found only
in the aquifer’s associated springs and spring runs. With
this high diversity of unique, geographically restricted
organisms, it is not surprising that 13 of the subterranean
and spring-dwelling species—5 salamanders, 4 fish,

3 invertebrates, and 1 plant—are federally or State-listed

downstream from the recharge
zone, the contaminants detected
at the sites likely are typical of
contaminants in urban runoff in
northern San Antonio, which is in
the recharge zone.

Atrazine and deethylatrazine
were the most frequently detected
pesticides in Edwards aquifer water
and were among the top three most
frequently detected pesticides in
stream water. Although atrazine
was detected in more than three-
fourths of urban recharge-zone
wells, the maximum measured
concentration was about 23 times
less than the drinking-water MCL,
3 ug/L. No drinking-water standard
or guideline has been established
for deethylatrazine.

Two Volatile Organic Compounds
Were Frequently Detected at Low
Concentrations

Thirty-four of 86 VOCs ana-
lyzed were detected in samples

from Edwards aquifer wells.
Unlike pesticides, the fewest
VOCs (12) were detected in
urban recharge-zone samples. Six-
teen were detected in nonurban
recharge-zone samples, and 27
were detected in confined-zone
samples. In general, however,
frequencies of detection were
greatest in urban recharge-zone
samples.

Trichloromethane, the most
frequently detected VOC, was
detected in three-fourths of the
urban recharge-zone and confined-
zone samples (fig. 11). Measured
concentrations of trichloromethane
were very low; the largest was
about 80 times less than the
drinking-water MCL, 100 pg/L.

Tetrachloroethene also was
frequently detected. It was detected
in three-fourths of the urban
recharge-zone samples. The
largest measured concentration
of tetrachloroethene was about
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as endangered or threatened. The spring-dwelling species
are dependent on the consistent quantity and quality of
flow from Comal and San Marcos Springs for their survival.

The colorless, eyeless, and gilled Texas blind salamander
(Tyhlomolge rathbuni) is an endangered species that lives
in the subterranean waters below San Marcos.

(Photograph by J.N. Fries, U.S. Fish and Wildlife Service.)

12 times less than the drinking-
water MCL, 5 ug/L.

When detection frequency is
based on a common concentration
of 0.1 pg/L, only 7 VOCs were
detected—>5 in urban recharge-
zone samples, 3 in nonurban
recharge-zone samples, and 5 in
confined-zone samples. Trichloro-
methane remained the most fre-
quently detected VOC, but it was
detected only in about 20 percent
of urban and nonurban recharge-
zone samples. No other VOC was
detected in more than 10 percent
of recharge-zone or confined-zone
samples.
